Purpose: To evaluate the mechanism of antioxidant activity of the methanol extract of Codonopsis pilosula. (p < 0.05) 
INTRODUCTION
Codonopsis pilosula has been widely used as an Oriental medicine. It has been found tocontain a wide variety of phytochemicalsincluding hesperidin, β-sitosterol, loberyolinin, β-daucosterol [1] , triterpenyl esters, codonopilates A-C [2] , phenylpropanoid glycosides [3] and β-carbioline alkaloid [4] . Historically, it has long been used for the treatment of digestive disorders such as indigestion, loose stool, fatigue and pulmonary insufficiency including shortness of breath, coughing [5] .
Recent studies also showed that Codonopsis pilosula is capable of ameliorating peptic ulcer, promoting bowel movement, enhancing learning and memory, and increasing red blood cells and hemoglobin [6] .
Imbalance between reactive oxygen species (ROS) and anti-oxidative system causes oxidative stress. The production of ROS such as superoxide anion, hydrogen peroxide, and hydroxyl radical occurs via mitochondrial respiratory chain [7] . Nitric oxide (NO) synthesized by iNOS in response to ROSinduced oxidative stress play important roles in many diseases such as cancer, diabetes, cardiovascular diseases, neurodegenerative disease and oral diseases. COX-2 (cyclooxgenase-2) is known to produce prostaglandins which are essential mediators for inflammatory reaction in the body, and it is regarded as an important molecular target of antioxidative drug development. The objective of the present study was to determine whether Codonopsis pilosula extract has anti-oxidative activities and whether iNOS and COX-2 are involved in its anti-oxidant actions.
EXPERIMENTAL Preparation of plant extracts
Authentic samples of Codonopsis pilosula collected during October, 2010 were purchased from Kyung-Dong Oriental Market in Seoul. They were authenticated by Emeritus Professor Chang-Soo Yok, Department of Oriental Pharmacy, College of Pharmacy, Kyung Hee University, Seoul, Korea. A voucher specimen (no. 8N009) was deposited at the herbarium of the Department of Pharmacology and Toxicology, School of Dentistry, Kyung Hee University, Seoul, Korea. The plant (100 g) was cut into small pieces and extracted 3 times with 300 ml of 70 % methanol for 3 h,The resultant extract was concentrated by a rotary evaporator and dried by a freeze-dryer.
Reagents and materials
The iNOS and COX-2 antibodies were purchased from Cell Signaling and Santa Cruz Biotechnology Co, respectively while ECL kit was purchased from Amersham Co., USA. All other reagents were purchased from Sigma Co., USA. Cell culture media were purchased from Gibco Co.
Free radical scavenging activity
Free radical scavenging activity was measured by evaluating reduction reactions of DPPH radical in the presence of hydrogen-donating antioxidants [8] and NO. DPPH (Fluka Chemie, Buchs, Switzerland) solutions show a peak absorption at 515 nm and present deep violet color. Briefly, Codonopsis pilosula extract (0.01mg/ml, 0.1mg/ml, 1mg/ml) was dissolved in 1 ml MeOH, mixed with 1 ml DPPH . solution at room temperature and optical density measured at 515 nm (BioRad Model 550). NO generated from sodium nitroprusside (SNP) was measured using Griess reagent at 540 nm.
Briefly, Codonopsis pilosula extract (0.01, 0.1 or, 1mg/ml) in a volume of 100 ul was added to 200 ul SNP (10 mM) and 1.8ml of phosphate buffer (pH 7.4). The reaction mixture was allowed to incubate at 37 ºC for 3 h. Thereafter, 1.0 ml of the reaction mixture was mixed with 0.5 ml of Greiss reagent and the absorbance measured at 540 nm.
Determination of protein oxidation
The effect of Codonopsis pilosula extract on protein oxidation was determined as previously described [9] . The reaction mixture (1.2 mL) in phosphate buffer (20 mM, pH 7.4), containing the Codonopsis pilosula extract, bovine serum albumin (20 mg/mL), FeCl 3 (400 µM), H 2 O 2 (1 ml, 3mM), and ascorbic acid (400 µM) was incubated at 37 °C for 1 h. Dinitrophenyl hydrazine (20 mM in 2N HCl) and trichloroacetic acid (20% w/v) were added to the reaction mixture and subjected to centrifugation at 650 g for 10 min. The supernatant was discarded and the resulting pellet was washed three times with 2.0 mL of EtOH/EtOAc (1:1) solution, dissolved in 2.0 mL of 6M guanidine-HCl (pH 6.5) and monitored spectrophoymetrically at 370 nm.
Determination of reducing power
Reducing power was measured by Oyaizu method [10] . Codonopsis pilosula extract (2.5 ml, in 0.2M phosphate buffer, pH 6.6) was placed in 2.5 ml of potassium ferricyanide (10 mg/ml) solution and incubated for 15 min at 30 °C; 2.5 ml of trichloroacetic acid (100 mg/ml) was added to the reaction mixture. To 2.5 ml of the mixture , 2.5 ml of distilled water and 0.5 ml of ferric chloride (1.0 mg/ml) were added. Then, optical density was read at 700 nm.
Cell culture
Murine RAW 264.7 macrophage cells were cultured in Dulbecco's modified Eagle's Medium (DMEM) (Gibco BRL, Grand island, NY) with 10% heat-inactivated fetal bovine serum in 5% humidified CO 2 atmosphere at 37 °C.
Measurement of nitric oxide
The Raw cells were cultured with DMEM and 10% FBS. NO was measured with cell supernatant as nitrite and nitrate. The safe form of nitrite after being reduced to nitrate was measured using Greiss reagent (Sigma, USA). A total of 2 × 10 6 Raw cells were seeded into a 6 well plate for 24 h before the extract treatment. and the cells were incubated with the samples at different concentrations (1.0, 0.1, and 0.01 mg/ml) Four hours later, lipopolysaccharide (LPS, final concentration 10 ug/ml) was put into all wells except for the well for the control group to stimulate the cells. The amount of NO generated was determined as nitrite, a major stable product of NO, by the Griess reagent assay. The absorbance was measured spectrophotometrically18 h later at 540 nm.
Measurement of iNOS and COX-II expression
Raw cells were cultured with DMEM and 10% FBS. When the cells reached confluence, the DMEM culture medium was removed and replaced by the Eagle's Minimum Essential Medium (EMEM) culture medium which is a serum-free culture medium and then the cells were treated with Codonopsis pilosula extracts and cultured for 24 h. The cells were washed two times with PBS and scraped into a 10 mM Tris-HCl buffer, pH 7.4, containing 50 mM NaCl, 5 mM EDTA, 30 mM NaF, 0.1 mM Na 3 VO 4 , 1 % triton X-100, 0.5 % NP-40, 1 ug/ml leupetin, and 1 ug/ml aprotinin. The cells were disrupted by passing them 5 times through a 1-ml tuberculin syringe. The cell lyaste was subjected to centrifugation at 10,000 × g for 10 min and the supernatant used for Western blot analysis. The protein content of the soluble fraction was assessed by the method of Bradford [11] . After addition of sample loading buffer, equivalent amounts of protein samples (50ug/lane) were electrophoresed on a 10% sodium dodecyl sulfate denaturing polyacrylamide slab gels (SDS-PAGE) and subsequently transferred to nitrocellulose transfer membrane (Whatman PROTRAN) for 1 h at 100 V (constant) as described by Towbin et al [12] . The membrane was incubated in fresh blocking buffer (0.1% Tween 20 in Tris-buffered saline, TTBS, pH 7.4, containing 5% non fat dried milk) at room temperature for 60 min and then probed with the iNOS (1:1000), COX-II (1:2000), GAPDH (1:1000) antibodies overnight in blocking buffer at 4 o C . The membrane was washed three times for 10 min each using TTBS. After that it was incubated in the appropriate Horse radish peroxidase (HRP)-conjugated secondary antibody (1:1000 for iNOS and GAPDH; 1:2000 for COX-II) at room temperature for another 2 h and washed again three times in TTBS buffer. The membrane was developed using the enhanced chemiluminescence reagents (ECL) for 5 min according to the manufacturer's instructions and was exposed to Amersham Hyperfilm ECL (GE Healthcare Limited, UK). The results obtained from the immunoblot assay were calculated using IMAGEJ imaging software (NIH, USA) as the integrated density.
Measurement of total phenolics
Total phenolic content was measured spectrophoyometrically by Folin-Ciocalteau method at 725 nm [13] . The extract (200 ul, 2 mg/ml) was mixed with 1.8 ml water and 200 ul of Follin-Ciocalteu reagent. After 3 min, 400 ul of Sodium carbonate (35%, w/v) and 1.4 ml of water were added to the mixture and followed by the measurement of absorbance at 725 nm. Gallic acid was used as a standard for phenolic compounds and the phenolic concentration was calculated using a gallic acid standard calibration curve. The total phenolic content was expressed as the gallic acid equivalent (mg gallic acid/g extract).
Measurement of total flavonoids
Total flavonoids was measured by the method of Miliauskas et al. [14] and was expressed as the rutin equivalent (mg rutin acid/g extract) using rutin as a standard flavonoid; 200 ul of the extract (1 mg/ml) was mixed with 200 ul of aluminum trichloride in ethanol (20 mg/ml) and diluted to 5 ml. After incubation for 40 min at 20 °C, the optical density was read spectrophotometrically at 415 nm.
Measurement of total anthocyanin
Total anthocyanin was measured as described previously [15] . The extract (2 mg) was dissolved in 3 ml of acetate buffer (25 mM, pH 4.5) and the optical density was measured at 520 nm. The content of anthocyanin was expressed as kuromanin equivalent (mg kuromanin/ g extract).
Statistical analysis
All data were expressed as mean ± SEM. Statistical analysis was performed using GraphPad Prism 5 by one-way ANOVA followed by Tukey's multiple comparison test. P < 0.05 was considered as significant.
RESULTS

DPPH
free radicals were decreased approximately 7 % by 0.01 mg/ml of Codonopsis pilosula extract and by about 3 % at 0.1 mg/ml, compared to control. At a concentration of 1.0 mg/ml, DPPH free radicals decreased by 19 % (Figure 1 ).
Taurine did not show any significant effect on DPPH scavenging activity whereas butylated hydroxytoluene (BHT) caused 46 % reduction of DPPH free radical levels. The extract also decreased the level of NO by 6, 6 and 13 % at extract concentrations of 0.01, 0.1, and 1 mg/ml, respectively, while taurine decreased NO levels by 6 and 4 % at 0.01 mg/ml and 0.1mg/ml, respectively ( Figure 2 ).
Fig 1:
DPPH radical scavenging activity of Codonopsis pilosula extract. Note: value are mean ± SEM; *p < 0.05, **p < 0.01
Fig 2:
Nitric oxide (NO) radical scavenging activity of Codonopsis pilosula extract. Note: value are mean ± SEM; **p < 0.01, ***p < 0.001
Protein oxidation was also decreased by 30 and 40 % at concentrations of 0.1mg/ml and 1mg/ml, respectively, the extract (Figure 3 ). The extracts stimulated the reducing power by 6.7-fold and 16.1-fold (compared to control) at 0.1 and 1mg/ml, respectively, whereas taurine stimulated it by 1.8-fold at 1mg/ml. (Figure 4 ).
The amount of nitric oxide production was markedly increased (5.0-fold over basal) when the Raw cells were treated with LPS to activate the macrophages whereas when the cells were pretreated with the Codonopsis pilosula extract, NO production was significantly decreased by 4.5, 34.5, and 52.7 % in response to 0.01, 0.1, and 1 mg/ml extract, respectively, compared to LPS-induced stimulation ( Figure 5 ). When LPS was administered to the Raw cells, the expression of iNOS increased by 9.6-fold over basal. On the other hand, when the cells were pretreated with Codonopsis pilosula extract, iNOS expression levels were markedly decreased by 11, 13, and 82 % in response to concentrations of 0.01, 0.1, and 1 mg/ml, respectively, compared to the LPS-induced stimulation ( Figure 6 ). The Codonopsis pilosula extract had little or no effect on the expression of LPS-induced COX-2 ( Figure 7 ). When antioxidant components present in the Codonopsis pilosula extract was analyzed, total phenolics, total flavonoids, and total anthocyanin were determined as 0.38, 2.10, and 2.47 mg/g, respectively (Table 1) .
DISCUSSION
It has been widely accepted that oxidative stress plays an important role in the development of many diseases such as cancer, diabetes, Parkinson's disease, cardiovascular diseases, and periodontal diseases [16] [17] [18] .
Reactive oxygen species (ROS) generated by oxidative stress like smoking, ultraviolet rays, stress, and aging are important signaling molecules in the cell [16, 17] . They damage lipids, proteins and nucleic acids, thereby promoting many diseases and aging. DPPH free radical-removing and nitric oxide scavenging properties of Codonopsis pilosula extract have been demonstrated in this study. In addition, the extract showed strong reducing power relative to control. These results suggest that the extract has the ability to neutralize various reactive oxygen species generated by oxidative stress. For instance, the marked reducing power of the extract could be beneficial in removing toxic peroxides generated by oxidative stress.
Oxidative stress causes protein oxidation and thereby disturbing the normal protein structure and function. Metabolism-related proteins, mitochondrial proteins, chaperones and protein members of ubiquitin-proteasome system are known to be sensitive to oxidation [18] . Protein oxidation is associated with human degenerative diseases, supranuclear palsy and age-related diseases [19] . Interestingly, it has been reported that oxidative stress could inactivate many proteins such as Cu,Zn superoxide dismutase [20] . Taking these into consideration, Codonopsis pilosula extract may be beneficial to prevent oxidative damages to proteins.
NO has been implicated in pain and tissue damage [21] . Oxidative stress is essential in the progress of periodontal diseases while antioxidants such as flavonoids or vitamin C can prevent such progresses. NO is an important signaling molecule responsible for various inflammatory responses in vivo [22, 23] . It is generated by the activation of iNOS enzyme induced by inflammation. Plant extracts with the ability to regulate iNOS and COX-II also have anti-inflammatory actions [24] [25] [26] . In the present study, it has been shown that the Codonopsis pilosula extract significantly reduces the concentration of NO generated by LPS in the Raw cells and shows strong inhibition of iNOS expression. In contrast, COX-II was not affected by the Codonopsis pilosula extract. These results suggest that the anti-oxidative action of the Codonopsis pilosula extract may be mediated by the inhibition of the iNOS-NO system, rather than COX-II enzyme.
Plant extracts with antioxidative effects are known to contain phenolics, anthocyanin, and flavonoids [27] . The Codonopsis pilosula extract contains significant amounts of phenolics including anthocyanins and flavonoids, suggesting that these components may be major contributors to the iNOS inhibitory action of the extract.
CONCLUSION
We propose that Codonopsis pilosula extract could exert antioxidant effect due to the inhibition of iNOS, and scavenging of NO and free radical, as well as inhibition of protein oxidation.
